INTRODUCTION
Myocarditis is an inflammatory condition characterized by leukocyte infiltration and subsequent fibrosis and necrosis of the myocardium. Multiple causes can produce it, but most cases are thought to be associated with viral infections [1, 2] . The real prevalence of pediatric myocarditis is still unknown, but it is considered a rare disease that accounts for 0.05% of pediatric hospital discharges [3] [4] [5] . Despite its rarity, myocarditis is an important cause of morbidity and mortality in children. A high percentage of patients presents with congestive heart failure (CHF) and require hospitalization, intensive care admission, mechanical ventilation, cardiac medication, and inotropic or mechanical circulatory support [3] [4] [5] [6] . Remarkably, the overall mortality rate in the acute phase is reported to be 7%-15% [3, 5] with an increased likelihood of death early in the illness trajectory, and it has been found as the cause of up to 17% of cases of sudden cardiac death in children younger than 16-years-old [4] . Also, most patients with myocarditis develop a left ventricular (LV) dysfunction or dilation in the acute phase that does not recover completely leading to long-term sequelae including chronic CHF, dilated cardiomyopathy (DCM), and death [7, 8] . Thus, myocarditis is one of the leading causes for DCM (27%) and for heart transplantation (80%) in children without congenital heart diseases [4, 9] . The definitive diagnostic is made by established histological, immunological, and immunohistochemical findings in myocardial tissue samples obtained through endomyocardial biopsy (EMB) [10, 11] . However, EMB has many inherent risks, is not widely available in most centers that initially treat patients with myocarditis, and is not routinely performed. Therefore, the initial diagnosis of myocarditis is usually based on clinical presentation, but it widely ranges from severe sudden onset of cardiogenic shock to asymptomatic patients [12] [13] [14] [15] . Of note, many cases of fulminant myocarditis (FM) are usually misdiagnosed as otherwise minor conditions during the weeks prior to the unexpected and severe deterioration [13] . In this context, we sought to describe the clinical presentation and diagnostic testsf indings of our cases of pediatric myocarditis in order to provide diagnostic clues that would help clinicians recognize these patients early. Also, we aimed to investigate the existence of early predictors for poor outcomes.
MATERIALS AND METHODS

Design, setting and study population
We conducted a retrospective cross-sectional single-center study from January 2008 to November 2017 at the Pediatric Department of our institution, a tertiary universityaffiliated hospital with 25000 visits per year to our pediatric emergency department and 1200 admissions excluding the neonatal unit. The study was performed according to the requirements of our Institutional Review Board.
Patients were included if they were children up to 18-years-old, and they were diagnosed with myocarditis based on the International Classification of Diseases, Tenth Revision. In all cases, the final diagnosis was made by an expert pediatric cardiologist based on the context of possible myocardial injury with (probable acute myocarditis) or without (possible subclinical myocarditis) cardiovascular symptoms, and at least one of the following criteria [7] : (1) raised biomarkers of cardiac injury (troponin T); (2) ECG findings suggestive of cardiac injury [13, [16] [17] [18] [19] [20] [21] ; (3) abnormal LV function or LV dilation on echocardiogram [22, 23] or cardiac magnetic resonance imaging (cMRI); and (4) evidence of inflammation on cMRI (late gadolinium enhancement sequence) [24] . Because EMB was not available at our institution during the study period, no cases of definitive or confirmed myocarditis are presented. Patients were excluded if any etiology of DCM or CHF different from myocarditis (congenital heart diseases, Kawasaki disease, sepsis, cardiotoxic drugs, an inborn error of metabolism, neuromuscular disorders, malformation syndromes, or familial syndromes) was identified, and if there were incomplete medical records.
Data collection
A standardized data collection form was used to collect data from inpatient and outpatient medical records. Inpatient medical records were reviewed to obtain initial data at the time of evaluation at the emergency department when the patient was admitted with the clinical suspicion of myocarditis. Outpatient medical records were reviewed to obtain a follow-up data up to 1 yr following initial hospitalization. Data obtained from each patient included demographics, presenting symptoms, physical examination findings, diagnostic test results, treatment received, and outcomes.
Definitions
LV systolic dysfunction was defined as left ventricle ejection fraction (LVEF) < 50% and severe LV systolic dysfunction as LVEF < 30%. LV dilation was defined as left ventricle diastolic diameter > 2 Z score for body surface area [25] . Based on their clinical presentation, patients were retrospectively classified under four different cardiac syndromes: (1) FM (abrupt cardiogenic shock or sudden cardiac death); (2) CHF without hemodynamic instability; (3) Dysrhythmia (palpitations associated to any abnormal rhythm documented on ECG) [18, 19] ; and (4) Acute coronary syndrome-like (ACS-like) (chest pain, ECG findings suggestive of myocardial ischemia, and raised troponin T) [17, [26] [27] [28] [29] . Increased CPR, troponin T, and N-terminal pro-brain natriuretic peptide (NT-proBNP) levels were defined as > 60 mg/L, > 10 ng/L, and > 600 pg/mL, respectively. Poor outcome was defined as the occurrence of any of the following facts: death, heart transplant, or persistent LV systolic dysfunction or dilation at hospital discharge (early poor outcome) or after 1 year of follow-up (late poor outcome).
Study strategy
We analyzed different variables in order to characterize the clinical presentation and to find diagnostic clues for myocarditis in children. Also, patients were divided into two groups based on the presence of poor early (at hospital discharge) and late (1 yr after admission) outcomes. Then, we looked for risk factors for poor outcomes at the presentation in our pediatric myocarditis cohort.
Statistical analysis
Data are presented descriptively using frequency and percentage for qualitative variables. Quantitative variables were expressed using the mean (± SD) or the median and interquartile range according to the variable's distribution (tested with ShapiroWilk normality test). For bivariate analysis, unpaired two-tailed Student's t-test or Mann-Whitney U-test was used depending on the distribution of the studied variables. Chi-squared test was used to compare categorical variables (Fisher's exact test was used when the expected frequency was less than 5). The relation among quantitative variables was explored through estimation of Pearson or Spearman correlation coefficients. Multivariable stepwise logistic regression analysis was performed using all variables that had been selected by univariate analysis to determine independent factors that predicted a poor early or late outcome in our population study, and the results were expressed as an odds ratio (OR) with a 95%CI. Significance level was considered as P < 0.05. A 95%CI that did not include 1.0 was interpreted to indicate statistical significance. Analyses were performed using the 
RESULTS
A total of 42 patients (69% male) met study inclusion criteria. The median age was 8 (1.5-12) years with a bimodal age presentation: most cases were children < 2-years-old and > 12-year-old (35% for each group; Figure 1) . Table 1 provides the baseline data of the patients enrolled.
Clinical presentation at the Emergency Department (ED)
The diagnosis of myocarditis was made after a median of 5 (2-10) d from the initial symptoms, and the patients consulted to the ED a median of 2 (1-2) times prior to their admission. The definitive diagnosis of myocarditis was made during the first visit at our ED in 41% of patients, 34% of cases were children > 10-years-old with the ACS-like presentation, and 7% were infants with FM. Most patients (59%) required two or more visits to the ED before the diagnosis of myocarditis. A previous diagnosis different from myocarditis was made in 52% of cases; 31% were categorized as respiratory infection (bronchiolitis, pneumonia, and upper respiratory tract infection), 17% as gastrointestinal infection, 2% as urinary tract infection, and 2% as infantile colic. The majority of patients (69%) presented a viral infection prior to the diagnosis, and a positive microbiologic study by serology or blood-PCR was observed in 47% of patients, with Coxsackie (30%) and Parvovirus B19 (20%) as the most prevalent agents.
Most patients had overlapping signs and symptoms at presentation. Chest pain (40%) was the most common specific cardiac symptom. Other specific cardiac symptoms such as palpitations (16%) or syncope (4%) were less prevalent. Respiratory tract symptoms (cough, apnea, rhinorrhea) (38%), shortness of breath (35%), gastrointestinal tract symptoms (vomiting, abdominal pain, diarrhea) (33%), and fever (31%) were the most common non-cardiac initial complaints. Tachycardia (57%) and tachypnea (52%) was the most common sign on the initial physical exam, followed by nonspecific signs of respiratory tract infection (44%) and respiratory distress (35%). Specific abnormal signs of heart failure such as heart murmur (26%), systolic (21) Table 2 ).
Diagnostic tests
Troponin T plasma levels were assessed as a biomarker for myocardial damage in 90% of patients with median levels of 91 (5-550) pg/mL and were increased in 62% of cases. NT-proBNP as a biomarker for CHF was determined in 81% of patients with median levels of 482 (151-2500) pg/mL and was increased in 40% of cases. The systemic inflammatory response was assessed by C-reactive protein (CPR) in all patients with median levels of 4 (2-144) mg/dL and was increased in 16% of cases. An abnormal ECG was observed in most patients (93%) with sinus tachycardia (61%) and signs suggestive of ischemia (57%) as the most common features. Life-threatening arrhythmias (ventricular tachycardia or acute complete atrioventricular block with cardiac arrest) were observed in 9.5% of patients. Chest X-ray revealed cardiomegaly in 35% and pulmonary edema in 28% of patients. Echocardiography was abnormal in 88% of patients. LV systolic dysfunction was observed in up to 50% of the entire cohort, 14% with severe LV dysfunction and 10% with biventricular dysfunction. Segmental wall motion abnormalities were observed in 38% of cases, most of them (76%) children with ACS-like and normal LVEF. cMRI was performed in 50% of the population study after a median of 4 (3-6) d of hospitalization, most of them (95%) children > 10-year-old without FM presentation confirming the presence of myocardial inflammation in 86% of cases.
Therapeutics and outcomes
Most patients (73%) received cardiac medications during the admission, mostly diuretics (69%), angiotensin-converting-enzyme inhibitors (69%), and beta-blockers (64%). No treatment with gammaglobulin or steroids was administered. Up to 35% of cases required inotropic support, whereas advanced circulatory support with extracorporeal membrane oxygenation or pacemaker implantation was required in 2.5% of cases. Up to 43% of patients were classified as having an early poor outcome and 16% as having a late poor outcome. The mortality rate secondary to cardiac causes was 5%, all cases during the first hospitalization with no cases of heart transplantation. The median length of hospitalization was 6 (3-13) d. LV dysfunction or dilation persisted in up to 38% and 12% of patients, respectively after the hospital discharge and after 1 year of follow-up. The spontaneous recovery rate of LV function was 69% during the first year of follow-up. Only one patient presented a permanent and significant non-cardiac complication, which was cerebral palsy due to prolonged cardiac arrest after acute atrioventricular block.
Risk factors for poor outcome at presentation
Upon univariate analysis ( Table 2 and Table 3 ), age < 2 years, diagnosis > 7 d from initial symptoms, NT-proBNP admission levels > 5000 pg/mL, and LVEF < 30% predicted both early and late poor outcome. In multivariate analysis (Table 4 and  Table 5 ), an initial LVEF < 30% remained the only significant predictor for early and late poor outcome in children with myocarditis.
Clinical and biochemical markers associated with LV systolic dysfunction on echocardiography at presentation LVEF correlated well with age (r = 0.51, P = 0.005), days from initial symptoms (r = -0.31; P = 0.045), and NT-proBNP levels (r = 0.66, P = 0.001), but not with troponin T (r = -0.05, P = 0.730) or CRP levels (r = -0.13, P = 0.391) (Figure 2 ). NT-proBNP presented a high diagnostic accuracy for severe LV systolic dysfunction on echocardiography, with an area under the curve of 0.931 (95%CI: 0.858-0.995, P = 0.001) (Figure 3 ). The best cut-off point was 2000 pg/mL with a sensitivity of 90%, specificity of 81%, positive predictive value of 60%, and negative predictive value of 96%. 
DISCUSSION
In this retrospective study, we described the clinical presentation and diagnostic method findings of 42 children with a clinical diagnosis of myocarditis. Also, we provided clues to improve the early recognition of myocarditis and define possible early predictors for poor outcome in these patients.
The challenges of diagnosing pediatric myocarditis
The identification of pediatric patients with myocarditis in the early phases of the disease is essential in order to start monitoring and supportive treatment in a timely manner. However, the diagnosis may be challenging at initial stages in milder cases before the development of severe adverse events. Our results showed a heterogeneous and unspecific clinical presentation of myocarditis in children. Most patients presented with a preceding viral illness involving the respiratory or gastrointestinal tracts that was not associated with myocarditis initially. Of note, the most common specific cardiac symptom (chest pain) was observed in a similar proportion with shortness of breath and nonspecific respiratory or gastrointestinal symptoms that could mimic the clinical presentation of benign viral infections [2, [13] [14] [15] . Besides, the physical examination revealed specific cardiac signs only in a minority of cases, and the most common alterations found on physical examination (tachycardia, tachypnea, respiratory distress, and abnormal lung auscultation) were non-specific cardiac signs. Therefore, the early identification of pediatric myocarditis based on clinical presentation and physical examination is challenging. We characterized four specific cardiac presentations in our pediatric myocarditis cohort that included FM, ACS-like, dysrhythmia, and CHF. Remarkably, we observed that the clinical presentation was associated with the age and the time of evolution of symptoms. Thus, older children (> 10-years-old) with ACS-like were diagnosed early after the initial symptoms usually at the time of the first consultation. Conversely, infants (< 2-years-old) were diagnosed late usually after two or more consultations with FM or CHF. This may be explained by the capacity of the older children to describe their symptoms in detail leading to prompt medical consultation and diagnosis. Conversely, younger infants are not able to express their symptoms, and clinicians are more reliant on parents' observations. Therefore, they only seek medical attention when they observe late symptoms related to heart failure [6, [24] [25] [26] . Also, the influence of the age on the immunologic response to viral infection of the myocardium might lead to different clinical courses and outcomes [7, 29] . Our finding that most patients were consulted to the ED two or more times prior to the final diagnosis and that many patients had a previous diagnosis different from myocarditis, reinforces that a high index of suspicion is needed for infants with prolonged viral infections (overall with respiratory signs or symptoms) that do not improve and lead to multiple medical consultations. Another reason that diagnosing myocarditis is difficult is the limited diagnostic accuracy of most available noninvasive diagnostic tests. There are no accurate serum biomarkers for the diagnosis of myocarditis [1] . CPR can be elevated in the acute phase, but it is neither sensitive nor specific to determine the presence or absence of active myocardial inflammation. We observed elevated CRP levels only in 16% of our population, so normal values do not exclude a myocardial inflammatory process. Myocytes destruction also occurs in the acute phase of myocarditis; thus serum biomarkers of myocardial damage can be elevated in some cases. However, the sensitivity and negative predictive of elevated troponin I level in patients with biopsyproven myocarditis were reported to be low [30] [31] [32] . We observed elevated troponin T levels in up to 65% of our population. Therefore, increased troponin T levels can reinforce the clinical suspicion of myocarditis in children, but a normal result does not exclude the diagnosis [1] . Natriuretic peptides are secreted by ventricular myocytes in response to volume or pressure overload to counteract the renin-angiotensinaldosterone and sympathetic nervous system actions in the context of heart failure. Thus, natriuretic peptides can be elevated in myocarditis with LV dysfunction and heart failure [33] . We observed increased NT-proBNP levels only in 40% of patients, and therefore a normal value does not discard the diagnosis of myocarditis. Of note, increased NT-proBNP levels may aid in distinguishing a cardiac from a non-cardiac reason for respiratory symptoms in children [34, 35] . This feature seems to be very useful to identify patients with a cardiac process in the context of nonspecific respiratory symptoms, as we observed in our young patients with myocarditis.
ECG and chest X-ray also have limited value for the diagnosis of myocarditis. Although ECG is virtually always abnormal in children with myocarditis [13] , the abnormalities observed were widely variable, and there was not one specific abnormality that occurs with enough frequency to be a specific marker [16] [17] [18] [19] . Also, chest X-ray revealed more specific cardiac findings such as cardiomegaly and pulmonary in a minority of patients.
Echocardiography remains the more useful diagnostic test in cases with clinical suspicion of myocarditis [22] . Most children had echocardiographic alterations on admission. The most typical findings associated with myocarditis were LV dilatation and reduced global LVEF. Another echocardiographic sign that can help make the diagnosis is the presence of segmental wall motion abnormalities mimicking ischemic cardiomyopathy [23] , which were observed mostly in older children with ACS-like. This feature can be explained by the focal distribution of areas of inflammation frequently seen in myocarditis. Mitral regurgitation and pericardial effusion may also be observed and help make a diagnosis. Similar to the clinical presentation, echocardiographic findings depend on both the manner and timing of a patient's presentation. Thus, young patients with FM and more days of evolution presented the most depressed LVEF whereas older patients that were consulted early in the course of the disease with ACS-like usually presented a normal LVEF and segmental wall motion alterations.
cMRI is a promising diagnostic method for myocarditis. The major strength of cMRI is its capacity to detect inflammation, edema, necrosis, and fibrosis within myocardial tissue through several imaging sequences. The use of a mixed cMRI method (Lake Louis criteria) is preferred compared to EMB in clinically stable patients suspected of having myocarditis. Nevertheless, the presence of two of the three characteristics listed in the Lake Louise criteria leads to a low-moderate sensitivity (67%-78%) and negative predictive value (69%), and high specificity (91%) and positive predictive value (91%) [24] . Therefore, a negative test does not discard the clinical suspicion of myocarditis. The sensitivity of cMRI for the diagnosis of myocarditis is likely to be limited in patients with less inflammation and a prolonged duration of symptoms; thus cMRI may be more helpful in the diagnosis of acute myocarditis if performed within 14 d of the onset of symptoms [30] . Also, cMRI is not widely available in all centers, and it is difficult to carry out in non-stable patients and infants, which represent the most common clinical picture of myocarditis. Consistent with this, we performed cMRI early in the course of the disease (median of 4 d after admission) in 50% of our population, most of them teenagers with an ACS-like presentation, confirming the diagnosis of suspected myocarditis in 86%. The only cMRI in an infant with FM was performed after 14 d of diagnosis when the patient was stable and was negative. Although cMRI is a promising technology, its sensitivity for the diagnosis of myocarditis must be improved and used timely in the appropriate candidates. was 5%, and all cases of death occurred during the initial hospitalization. We observed LV dilation in 43% and LV dysfunction in 50% (14% severe) of cases on admission, reflecting the potential of myocarditis to produce important alterations in the early phases of the disease. Acute myocarditis in patients who present with LV systolic dysfunction can recover in weeks to months. Of note, we found a spontaneous complete recovery rate of initial LV dysfunction or dilation of 69% during the first year of follow-up. These outcomes are similar to those observed in two recent large prospective multicentric studies involving pediatric myocarditis [6, 9] and highlight a contemporary good prognosis of acute myocarditis in children that could reflect the advances in the recognition and management of these patients. Also, this reinforces the need for aggressive initial management in the acute phase of the disease waiting for a possible recovery in most patients. Nevertheless, we found that myocarditis in children is still associated with a high rate of CHF, hospitalization, intensive care unit stay, use of cardiac medications, and inotropic support or mechanical circulatory support at the time of diagnosis. Also, 12% still suffered from LV dysfunction or dilation after 1 year. Hence, it would be useful to identify these high-risk patients in the early phase of the disease. The main finding of this study was that a severe depressed LV systolic function (LVEF < 30%) on admission was the only independent predictor for poor outcomes in pediatric myocarditis. However, in the univariate analysis we identified some features that could help clinicians detect these patients on admission. These factors were age < 2-years-old, > 7 d from the initial symptoms, and NT-proBNP > 5000 pg/mL. Of note, LVEF was associated with all these factors. As echocardiography is not widely available at emergency departments and requires some training and expertise, we think that the above mentioned clinical and biochemical factors could be useful to identify high-risk patients. Specifically, NTproBNP levels seem to be very useful for the screening of LV dysfunction upon admission in children with myocarditis. We found that the diagnostic accuracy of NTproBNP levels on admission for severe LV dysfunction on echocardiography was high and that those patients with concentrations less than 2000 pg/mL at admission probably will not have a severe LV dysfunction on echocardiography, and therefore they will have a good outcome.
Limitations
This study had several limitations. The retrospective nature without the establishment of inclusion criteria prior to the beginning of the study and the use of clinically diagnosed myocarditis could lead to the inclusion of patients who did not have myocarditis. The absence of cases of heart transplantation could be because our center does not have a heart transplant program. Therefore, it is possible that more severe cases of myocarditis were referred directly to hospitals with a heart transplant program. Although our mortality rate was low and consistent with the recent literature, it could also be influenced by this fact, and this could limit the risk factors provided. Also, the time of follow-up was short, and this could prevent the analysis of risk factors for long-term outcomes. Finally, none of our patients received immunomodulatory therapy, a promising therapeutic strategy as suggested by several randomized trials. This could impact the outcomes observed in our study, but this kind of therapy remains investigational mainly at this time and requires further elucidation. Of note, despite not using these treatments, our outcomes were similar to those studies that used them. The timely diagnosis of myocarditis in children is challenging due to the heterogeneous and unspecific clinical presentation and the low diagnostic accuracy of most non-invasive laboratory tests. Myocarditis should be considered among the differential diagnosis in infants with prolonged viral infections (overall with respiratory signs or symptoms) that does not improve and leads to multiple medical consultations. Echocardiography remains the most useful diagnostic tool for myocarditis, and the presence of severe LV dysfunction at admission was the primary predictor for poor outcomes. Younger ages, a prolonged course of the disease, and NT-proBNP levels are some factors that could help to identify these high-risk patients in ED. 
ARTICLE HIGHLIGHTS
Research background
Pediatric myocarditis constitutes an important cause of morbidity and mortality in the form of death, heart transplant, and dilated cardiomyopathy. Pediatric myocarditis diagnosis is usually challenging. It is mainly due to its heterogeneous and unspecific clinical presentation, and the low accuracy of the currently available non-invasive diagnostic tests. Also, the gold standard for diagnosis, the endomyocardial biopsy has inherent risks and is not widely available. Of note, a diagnostic delay can lead to a subsequent elevated morbimortality.
Research motivation
We aimed to investigate the clinical presentation and the results of the non-invasive tests utilized in the diagnostic work-up of pediatric myocarditis at presentation.
Research objectives
Our main purpose was to provide clinical, biochemical, or echocardiographic clues in order to improve the early recognition of pediatric myocarditis at presentation in the emergency department. Also, we sought to identify predictors for poor outcome in pediatric myocarditis in order to identify high-risk patients that will need a more intensive therapy and close follow-up.
Research methods
We carried out a retrospective cross-sectional single-center study. A total of 42 patients between 2008 and 2017 were enrolled. Patients were divided into two groups: poor outcome and no poor outcome. We delineated the clinical presentation of our patients with myocarditis. Also, different clinical and diagnostic test variables were analyzed in order to find possible poor outcome predictors.
Research results
The clinical presentation of pediatric myocarditis was heterogeneous, ranging from asymptomatic to cardiogenic shock cases. Of note, pediatric myocarditis clinical presentation can mimic benign viral infections in children, usually in those younger patients that are not able to verbalize symptoms and debut as fulminant myocarditis. Conversely older patients presented with acute coronary syndrome-like myocarditis. There was no single non-invasive diagnostic test that led to rule out or rule in the diagnosis of pediatric myocarditis. Cardiac magnetic resonance imaging presented a high diagnostic accuracy, but was mostly useful only for older children with acute coronary syndrome-like presentation. Severe depressed left ventricle systolic function on echocardiography was the only independent predictor for poor outcome (death, transplant, or dilated cardiomyopathy). The presence of age < 2-years-old, a clinical course of more than 7 d from initial symptoms, or N-terminal pro-brain natriuretic peptide levels > 5000 pg/mL was associated with a severe depressed LV systolic function.
Research conclusions
A high grade of clinical suspicion is needed to make an early diagnosis of pediatric myocarditis, especially in infants who cannot verbalize their symptoms. This clinical suspicion must be used in combination with several findings of different non-invasive diagnostic tests in order to improve the prompt recognition of pediatric myocarditis. This study provided some clinical pictures that can help clinicians in this context. Echocardiography is a reliable diagnostic tool for pediatric myocarditis. Patients that present with a severe depressed LV systolic function have a poor outcome. Age younger than 2 years, prolonged course of disease, and higher N-terminal pro-brain natriuretic peptide levels are predictors of poor outcome that could be useful even in centers where echocardiography is not available. The combined use of these predictors can lead to an early detection of high-risk patients in order to initiate adequate treatment and monitoring.
Research perspectives
This article reflects the challenge to diagnose pediatric myocarditis. Future studies should prospectively collect multicenter data on epidemiology, clinical presentation, and diagnostic value of currently available diagnostic tools in children with myocarditis to establish clinically meaningful criteria for the diagnosis of myocarditis. This will enhance the early recognition and subsequently the prognosis of these patients.
